Abstract. The axial contraction of linear pinches with racetrack-shaped and elliptic cross sections is studied by 6W-analysis near the equilibrium shape. A surface current profile and a fixed plasma cross-section area are assumed. It is shown for the corresponding special perturbation that 5W is given by the variation of the surface energy (SW= 6W~= 1 /:~2 ):2] ~p ~b,, and that 6 W is nearly independent of the shape of the plasma (racetrack or ellipse).
Introduction
Axial contraction (parallel to the major torus axis) is observed in pinches with non-circular plasma cross sections, e.g. the belt-pinch. This occurs after the plasma has been produced in a non-equilibrium shape (with too large a plasma-wall distance) by shock heating and adiabatic compression, and it represents a transition to the equilibrium shape. This can cause a prolongation of the dynamic phase far beyond the time of crowbarring of the toroidal field B t and of the poloidal field Bp. The experimental period with stationary conditions can be considerably reduced by this process. In this paper, the axial oscillations around the equilibrium shape of linear pinches with racetrackshaped and elliptic cross-sections are studied by 5W-analysis.
~W-Analysis of the Axial Contraction for a Racetrack-Shaped Cross-Section
Analysis in linear geometry is certainly sufficient because the toroidal curvature of the experimental * This work was performed as part of the joint research programme between the Institut fiir Plasmaphysik, Garching and Euratom. plasma should not be important for these oscillations. A sharp pressure profile with surface currents parallel to the axis of the straight pinch is assumed (Bp =0 and Bt=0 in the plasma). The equilibrium is produced by image currents in parallel, perfectly conducting walls (see Fig. 1 ) and is theoretically found for half-axis ratios above 2 at a plasma sheath thickness equal to one half of the wall distance [1] . At first a racetrack-shaped plasma cross section is assumed in agreement with the experiment (belt-pinch) with a half-axis ratio that varies during the axial oscillations (see Fig. 1 ). At the equilibrium d=a (a being the minor half-axis) and h=b (b being the major half-axis) hold. In the neighbourhood of the equilibrium we define d = a + ~a and h = b + ~b" For a sharp pressure profile the variation of the energy 6W has three contributions: 6Wp (plasma volume), 6W~ (plasma surface) and 6W~ (vacuum field region). It holds that
(1) According to [2] the plasma contribution reads .
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Here r is the perturbation vector, 7 is the adiabatic exponent and dz v is a volume element in the plasma.
For the variation of the surface energy one obtains
~, is the perturbation vector perpendicular to the surface element dS and is directed outwards. The expression (A) denotes the jump of the quantity A perpendicular to the surface and is defined as
For p, B and dS the undisturbed quantities must be inserted, cSW~ represents the work that has to be done against the force due to the surface currents, when the interface between plasma and vacuum field region is displaced by ~. Finally, the variation of the vacuum field energy reads
where d% is a volume element of the vacuum field region. In the experiment 2 2 B t >>B v holds, i.e. the plasma is confined by B z. After crowbarring B, is constant in time and in contrast to B v does not vary with the axial oscillations. The consequence of a constant B t is a fixed plasma cross-sectional area F o. For large half-axis ratios (b/a> 3) the equilibrium shape of the plasma approximates a racetrack. According to Fig. 1 its cross-sectional 
Thus, the perturbation of the surface is defined for which the 5W-analysis of a field-free plasma will be performed. If the interior of the plasma is not fieldfree, the perturbation function in the plasma must be specified in detail. Substituting B=Bt+B p in Eq.(3) yields a term 17 • (~ x Bt) that vanishes for the special perturbation defined above. Moreover, it can be shown that it also holds that 17x (~x Bp)=0. Consequently, cSB and 5W o vanish in the vacuum field region. In the field-free plasma, too, 5B is equal to zero. For the special perturbation !7~=0 holds and this yields 5Wp=0 since for a fixed F 0 no compressional work is done against the plasma pressure. Therefore, in the second order considered here 6W is determined by a variation of the surface energy 5 W~ alone. The expression in pointed brackets in Eq. (4) represents a measure of the magnitude of the surface tension. Generally, the condition for MHD equilibrium reads
B2 17p=j• (B17)B-17 8~
or Thus, the surface tension is due to the (B17)B-force of the poloidal field that has a component normal to the plasma surface only in regions with curved field lines [3] . This means for the racetrack-shape in particular that (B 17)B-forces perpendicular to the plasma surface only exist at the semicircular ends. The poloidal field on the surface can be approximated at the ends by the field on a cylinder, especially, because in equilibrium the current density on the racetrack is constant
